ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/348402116

Protein Extraction from Spirulina platensis by Using Ultrasound Assisted
Extraction: Effect of Solvent Types and Extraction Time

Article in Key Engineering Materials - January 2021

DOI: 10.4028/www.scientific.net/KEM.872.33

CITATIONS READS
0 290
3 authors:
ar Sela Kong a Wiratni Wiratni
h
v, Institute of Technology of Cambodia < Universitas Gadjah Mada
<. 8y J
10 PUBLICATIONS 3 CITATIONS 109 PUBLICATIONS 924 CITATIONS
SEE PROFILE SEE PROFILE

] Arief Budiman
& Universitas Gadjah Mada
192 PUBLICATIONS 1,567 CITATIONS

SEE PROFILE

All content following this page was uploaded by Sela Kong on 01 November 2021.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/348402116_Protein_Extraction_from_Spirulina_platensis_by_Using_Ultrasound_Assisted_Extraction_Effect_of_Solvent_Types_and_Extraction_Time?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/348402116_Protein_Extraction_from_Spirulina_platensis_by_Using_Ultrasound_Assisted_Extraction_Effect_of_Solvent_Types_and_Extraction_Time?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sela_Kong?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sela_Kong?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Institute_of_Technology_of_Cambodia?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sela_Kong?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wiratni-Wiratni?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wiratni-Wiratni?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitas-Gadjah-Mada?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wiratni-Wiratni?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arief-Budiman-3?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arief-Budiman-3?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitas-Gadjah-Mada?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arief-Budiman-3?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sela_Kong?enrichId=rgreq-35e34eb31951e9a3eba3d7e4cce3c1a7-XXX&enrichSource=Y292ZXJQYWdlOzM0ODQwMjExNjtBUzoxMDg1MjA0NDYyNjA4Mzg0QDE2MzU3NDQzMTQ3ODc%3D&el=1_x_10&_esc=publicationCoverPdf

Key Engineering Materials Submitted: 2020-04-22

ISSN: 1662-9795, Vol. 872, pp 33-37 Revised: 2020-06-04
doi:10.4028/www.scientific.net/KEM.872.33 Accepted: 2020-06-10
© 2021 Trans Tech Publications Ltd, Switzerland Online: 2021-01-11

Protein Extraction from Spirulina platensis by Using Ultrasound
Assisted Extraction: Effect of Solvent Types and Extraction Time

Kong Sela’?, Wiratni Budhijanto'?, Arief Budiman'®

'Department of Chemical Engineering, Faculty of Engineering, Gadjah Mada University,
JI. Grafika No. 2 Kampus UGM, 55281 Yogyakarta, Indonesia

akongsela@mail.ugm.ac.id, "wiratni@ugm.ac.id,
¢*Corresponding author: budiman@ugm.ac.id

Keywords: Protein Source, Spirulina Platensis, Ultrasound assisted Extraction, Solvent Extraction,
Extraction Time

Abstract. Protein is a substantial nutrition that essentially required by human. Spirulina platensis
(Spp), well known as protein source could be a significant source to be used for many industrial
applications. This study was investigated the effectiveness of ultrasound assisted extraction (UAE)
method for protein extraction from Spp at various composition of solvent mixture and extraction time.
Ethanol and mixture of methanol-ethanol were used as solvent. Extraction was conducted by varying
ratios of solvent to biomass at 10:1, 12.5:1, and 15:1 (v/w), and extraction time (20, 35, and 50 min).
Optimum protein recovery from dry Spp was 42.55 + 0.43% obtained by using 20 ml of the mixture
of methanol and ethanol at 50 min of extraction time. This study also conducted that mixture of
methanol and ethanol was a better solvent on improving the ultrasound assisted extraction, as
indicated by high protein recovery with less amount of solvent volume used.

Introduction

During the twenty-first century, the world population is projected to increase rapidly to 2.3 billion
people in 2050; that requires 70% increase of current food production fulfill this fast growth [1].
Massive efforts to reduce global hunger has been initiated by the improvement of food production in
the agriculture sector, relatively with the mean per capita income [2]. However, 50% of about 10-11
million children under 5 years in developing countries die every year because of malnutrition [3].
Protein could play important roles for nutritional food that is essential in developing human body
system. Source of protein can be found in several diary and poultry product, also other processing
form food farm and agriculture industry. Among the protein sources, Spirulina platensis (Spp)
demonstrates the potential as candidate of main protein source. It is indicated by its protein content
has high range from 46-63% [4]. In addition, it is also enriched by various essential acids including
histidine, threonine, methionine, valine, lysine, cysteine, and other non-essential amino acids [5]. This
has drawn huge attention for researchers to study the application of the protein from Spp into many
such as biofuel feedstock, human food supplement, medication, and also anti-oxidation activity[4, 6-
8]. Furthermore, Spp has been applied as a dietary supplement to provide insufficient nourishment of
poor children in developing countries [9].

The greatest challenge in Spp application is how to isolate the protein effectively in the most
efficient way. Previous studies reported the isolation of protein was carried out by different cell
disruption methods such as chemical, physical, and enzymatic treatments [2]. Chemical treatment use
detergents, solvents, and antibiotics, while physical treatments are for example bead milling/grinding,
high pressure homogenization, and ultrasonication [10], and there are also enzymatic treatments (e.g.
polysaccharidase degradation) [2]. The high-pressure homogenization and chemical treatment have
been isolated more protein yield than ultrasonication and manual grinding [11]. However, some high-
pressure methods like the French press or Hughes press can be used only in the laboratory scale.
Chemical methods are also found to be associated with toxic for human health and the environment
[12]. Enzymatic treatment required high cost and low efficiency [13].
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Recently, protein extraction using ultrasound assisted extraction (UAE) has been widely conducted
on microalgae species, particularly Spp [4-8, 10, 11]. This method provides shorter extraction time,
energy-saving, low temperature, high yield recovery, and low extraction cost [12, 13]. Therefore, it
will a promising option to extract protein from Spp in the best manner. Yields of extraction in UAE
are affected by particle sizes, types of solvent, temperature, solvent to biomass ratios, and time of
extraction are critical parameters in the UAE method to obtain high yields [14]. Different types have
been employed to extraction the protein, include methanol, mixture of methanol and ethanol [5],
distilled water [6, 10], and sodium phosphate buffer [7]. In this paper, we aimed to study the effect
on different solvent types, ratios of solvent to biomass, and extraction time with the UAE of Spp to
determine the relatively best condition for protein recovery.

Materials and Method

Microalgae. Dry biomass of Spp was obtained from Nogotirto Algae Park (Yogyakarta, Indonesia)
and stored in refrigeration under the temperature of 4.15 &= 0.07 °C for the experiment. The dry Spp
has 10.73 + 0.04% (w/w) of moisture content and 49.515 + 0.33% (w/w) of protein content.

Reagents. Ethanol (96%, reagent grade) and methanol (96%, reagent grade) were purchased from
Merck. Lowry protein kits including protein standard, Folin-Ciocalteu phenol, and Lowry reagent
were obtained form Sigma Aldrich and used to analyze protein isolated.

Ultrasonic apparatus. In this experiment, ultrasonic bath (100 W Ultrasonic transducers, China) was
used for ultrasound assisted extraction (UAE). Extraction processes were conducted at frequency of
25 kHz. During the operation, ultrasound waves release the cavitation bubble with shear force to
disrupt the Spp cells.

Protein extraction process. Proteins were extracted using with two different solvents: methanol-
ethanol mixture (ratio 2:1 v/v) and ethanol. In this experiment, 2 g of Spp were transferred into
125 ml conical flash and added with 20 ml of solvents, for each type in two separate flasks. Other
experiments were also prepared simultaneously by adding 25 and 30 ml of solvents. Mixtures were
then covered by aluminum foil and stirred with magnetic stirrer for 30 min at temperature 25 °C. The
samples were transferred to ultrasonic bath and underwent UAE for 20, 35, and 50 min. The mixtures
were separated by using filter paper. The supernatants were then kept for protein analysis.

Protein analysis. The supernatant of filtered sample were used to analyze the protein concentration
by Lowry method [15]. For this method, 1 ml of each protein standard concentration (50, 100, 200,
300, and 400 pg/ml) was used for preparation of a calibration curve. Blank was prepared 1 ml of
distilled water in a test tube and 0.1 ml of each sample was prepared by diluting with 1 ml distilled
water.

Each tube of samples, standard solution, and blank were added with 1 ml Lowry reagent and
allowed to stand at room temperature for 20 min. Each sample were immediately mixed with 0.5 ml
of Folin-Ciocaltue phenol reagent and incubated for 30 min at room temperature for color
development. After incubation, each sample were added with 1 ml of distilled water because the
cuvette requires more than 2.5 ml to be analyzed optical density (OD). The absorbance of diluted blue
color solution was then determined at 750 nm with a UV-VIS RS spectrophotometer. The protein
concentrations were determined from calibration curve by multiplying with their dilution factors to
obtain the concentration in original samples and protein content in Spp was calculated by (Eq. 1):

Protein [:[%}) — Protein concentration=<V (1)

My

where V is the extract volume (ml) and m, is the dry mass of Spp. The protein recovery was
determined by (Eq. 2):

Protein (%)

Protein recovery (%) = *x 100 2)

Total protein in dry mass

where the total protein in the dry biomass of Spp is 49.515 £+ 0.33% (w/w).
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Data analysis. In this experiment, the protein recovery from the extraction of Spp were compared
according to different solvent and extraction time, which were expressed by the mean + standard
deviation. ANOVA test was also conducted by analyzing 2 replications to determine the significant
different at P < 0.05.

Results and Discussion

Effects of solvents on the extraction of protein. Fig. 1(A) shows the protein recovery from UAE
using mixture of methanol and ethanol (Me: Eth) at various extraction time. The highest protein
recovery (42.55 £ 0.43%) was achieved at 20 ml of the mixture (Me:Eth) within 50 min of extraction
time, while the lowest (21.54 = 1.61%) was at 25 ml of the mixture (Me:Eth) within 20 min of
extraction time. Fig. 1(B) shows the protein recovery from UAE using different volumes of ethanol
and extraction time. By using 30 ml of ethanol and 50 min of extraction time, the highest protein
recovery was obtained at 30.20 + 2.79% when using 25 ml of ethanol at 35 min, the lowest was at
8.38 = 0.89% (P < 0.05). Solvent is one of the critical parameters on UAE to extract bioactive
compounds from microalgae [14], such as protein from Spp. A higher amount of solvent could not
improve the solubility of analytes but it led to decreasing protein recovery due to excessive solvent.
Moreover, the excessive solvent potentially changed solute solubility and altered chemical
equilibrium [5]. As shown in Fig. 1(A), using 25 and 30 ml of the Me: Eth mixture could not improve
the recovered protein yield. Furthermore, the amount of protein extracted by the mixture of Me: Eth
in this experiment was significantly higher than using a single solvent as ethanol (P < 0.05). The
choice of solvent types is based on polarity, surface tension, viscosity, and vapour pressure. In this
context, ethanol and methanol are polar solvents but the mixture of both solvents could extract more
protein yield than a single polar solvent because ethanol play an important role to extract protein and
methanol could assist better extraction performance [16]. Hadiyanto et al [17] have used ethanol to
extract phycocyanin. Phycocyanin has been known as a pigment compound from phycobiliprotein as
protein compound of microalgae. Moreover, using the mixture of methanol and ethanol for protein
extraction have been also described to lead greater yield than methanol as the single polar solvent [5].

Effect of extraction time on the extraction of protein. UAE utilizes acoustic power to release
bubbles cavitation with high shear forces for disrupting the cell wall of plant material to allow the
permeability of solvent and for improving the contact surface area of the solvent and compound of
interest [18]. Extraction time is a main effective parameter in the UAE process when using short
extraction time could not give a complete extraction [14]. It could be seen in Fig. 1(A) and 1(B) with
lower protein recovery by using 20 and 35 min of extraction time, while using 50 min of extraction
with the mixture (Me: Eth) and ethanol used in this process was recovered higher protein yield.
Extraction using a short time is affected by entire extraction and extraction using a long time could
have the release of undesirable reactions.
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Fig. 1 Protein recovery obtained from different extraction time:
(A) mixture of methanol and ethanol, and (B) ethanol.
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Table 1 shows the comparison of previous researches on the protein extraction from Spp.
Hadiyanto and Adetya (2018) was used only 30 min with the mixture of Me:Eth to obtain the optimum
protein yield at 43.96% [5], which is significantly higher than the current research only at 21.06%.
However, it could be identified that the high variation of these two studies causes from the different
sample used and the frequency of ultrasonic. This previous study used wet biomass of Spp with high
ultrasonic frequency at 40 kHz, while the recent study used the dry basis of Spp with lower frequency
only at 25 kHz. Hence, the amount of protein content in Spp could be also different to distinguish the
results of protein yield. Safi et al (2014) used ultrasonication with distilled water to obtain higher
protein yield (47.10 %) but this previous study requires high energy due to the freeze drying process
[10], while the recent study used conventional sun drying process. However, the protein from dry Spp
in the recent study could be different from the previous study. In addition, the recent study used
ultrasonic bath to avoid the evaporation of solvent during extraction process.

Table 1. Comparison of optimum protein yield from microalga for selected extraction processes

Substrate Method Solvent Optimum Optimum condition Reference
protein yield
(%0)
Spirulina Ultrasound assisted Methanol- 21.06 +0.21 10:1 ratio of solvent to This
platensis extraction (UAE) ethanol (2:1) (dw) biomass (v/w), 50 min study
(Spp) extraction time
Spp Ultrasound assisted Methanol- 43.96 (wb) 15.12% NaCl, 10:1 ratio of [5]
osmotic shock method ethanol (2:1) solvent to biomass (v/w), 30
min extraction time
Spp UAE Distilled water 29.05 (dw) Temperature 45 °C, pH [6]
7.46, and time 120
Spp Manothermosonication Sodium 28.42 (dw) 20 min of MTS treatment [7]
(MTS) phosphate buffer
Spp High pressure cell 78.0 (dw) 50:1 ratio of solvent to
disruption biomass (v/w) with 2700
Chemical treatment 53.40 (dw) bar
50:1 ratio of solvent to
biomass (v/w) with NaOH
Ultrasonication Distilled water 47.10 (dw) and HCI [10]
50:1 ratio of solvent to
biomass (v/w) with 30 min
Manual Grinding 35.0 (dw) extraction time
50:1 ratio of solvent to
biomass (v/w), 2 h
extraction time
Spp Ultrasound and Purified water | 75.76 pr (dw) 33 min sonication and 40 [4]
Mechanical agitation and NaOH min agitation time

dw: Dry weight; wb: Wet basis; pr: protein recovery

Conclusion

In conclusion, the protein extraction from UAE by using the mixture of methanol and ethanol
could improve the yield of protein recovery and reduce the amount of solvent used. In addition, further
studies are needed to investigate various ultrasonic frequencies in order to reduce extraction time and
possibly improve protein yield.

Acknowledgment

The authors are grateful for the scholarship of Kong Sela provided by AUN/SEED-Net Collaboration
Research Fund.



Key Engineering Materials Vol. 872 37

References

[1] H. C. J. Godfray, J. R. Beddington, et al., Food Security: The Challenge of Feeding 9 Billion
People, Sci. 327(5967) (2010) 812-818.

[2] S. Bleakley, M. Hayes, Algal Proteins: Extraction, Application, and Challenges Concerning
Production, Foods, 6 (2017) 2-34.

[3] S. Collins, N. Dent, P. Binns, P. Bahwere, K. Sadler, A. Hallam, Management of severe acute
malnutrition in children., Lancet. 368 (2006) 1992-2000.

[4] A. L. Lupatini, L. de Oliveira Bispo, L. M. Colla, J. A. V. Costa, C. Canan, E. Colla, Protein and
carbohydrate extraction from S. platensis biomass by ultrasound and mechanical agitation, Food Res.
Int. 99 (2017) 1028-1035.

[5] H.Hadiyanto, N. P. Adetya, Response surface optimization of lipid and protein extractions from
Spirulina platensis using ultrasound assisted osmotic shock method, Food Sci. Biotechnol. 27 (2018)
1-8.

[6] Y. Aysun, S. Oznur, D. D. Ceren, B. Fatih, O. Beraat, Optimisation of ultrasound-assisted
extraction of protein from Spirulina platensis using RSM, Czech J. Food Sci. 36 (2018) 98-108.

[7] L. Vernes, M. Abert-Vian, M. El Maataoui, Y. Tao, I. Bornard, F. Chemat, Application of
ultrasound for green extraction of proteins from spirulina. Mechanism, optimization, modeling, and
industrial prospects, Ultrason. Sonochem. 54 (2019) 48-60.

[8] N.S.Parimi, M. Singh, J. R. Kastner, K. C. Das, L. S. Forsberg, P. Azadi, Optimization of protein
extraction from Spirulina platensis to generate a potential co-product and a biofuel feedstock with
reduced nitrogen content, Front. Energy Res. 3 (2015) 1-9.

[9] P. Saranraj, S. Sivasakthi, Spirulina Platensis — Food for Future : A Review, Asian J. Pharm. Sci.
Technol. 4 (2014) 26-33.

[10]C. Safi, A. V. Ursu, C. Laroche, B. Zebib, O. Merah, P. Y. Pontalier, C. Vaca-Garcia, Aqueous
extraction of proteins from microalgae: Effect of different cell disruption methods, Algal Res. 3
(2014) 61-65.

[11]C. V. G. Lépez, M. del Carmen Cerén Garcia, F. G. A. Fernandez, C. S. Bustos, Y. Chisti, J. M.
F. Sevilla, Protein measurements of microalgal and cyanobacterial biomass, Bioresour. Technol. 101
(2010) 7587-7591.

[12]W. N. Phong, C. F. Le, P. L. Show, J. S. Chang, T. C. Ling, Extractive disruption process
integration using ultrasonication and an aqueous two-phase system for protein recovery from
Chlorella sorokiniana, Eng. Life Sci. 17 (2017) 357-369.

[13]M. D. Esclapez, A. Mulet, J. A. Ca, Ultrasound-Assisted Extraction of Natural Products, Food
Eng. Rev. 3 (2011) 108-120.

[14]1. Lavilla, C. Bendicho, Fundamentals of Ultrasound-Assisted Extraction, in: Water Extr. Bioact.
Compd. From Plants to Drug Dev., Elsevier Inc., Amsterdam, (2017) 291-316.

[15]0. H. Lowry, N. J. Rosebrough, A. L. Farr, R. J. Randall, Protein Measurement with the Folin
Phenol Reagent, J. Biol. Chem. 193 (1951) 265-275.

[16]G. Yoo, W. K. Park, C. W. Kim, Y. E. Choi, J. W. Yang, Direct lipid extraction from wet
Chlamydomonas reinhardtii biomass using osmotic shock, Bioresour. Technol. 123 (2012) 717-722.

[17]Hadiyanto, Suttrisnorhadi, H. Sutanto, M. Suzery, Phyocyanin extraction from microalgae
Spirulina platensis assisted by ultrasound irradiation: Effect of time and temperature, Songklanakarin
J. Sci. Technol. 38 (2016) 391-398.

[18]M. Vinatoru, M. Toma, O. Radu, P. I. Filip, D. Lazurca, T. J. Mason, The use of ultrasound for
the extraction of bioactive principles from plant materials, Ultrason. Sonochem. 4 (1997) 135-139.


https://www.researchgate.net/publication/348402116

